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L. INTRODVCTLON

For the Kissimweco-Okvochobee draivape area o walel smanagement scheme
has been proposed based on detention of runetff, restrictiens on surface
water discharge rates, and routing ol as much flew as possible through
natural or manmade marshes. (Division of State Planning, 1976). With
this in wind, this report is directed at examining the impact of drainage,
principally agricultural, on hydrologic relationships and evaluting the
storage and treatment capabilitics of freshwarer marshes. This rescarch
is sponscored by the South Fiorida Water Manacement District (SFWMD), formerly
the Central and Southern Florida Flood Control District, and is a continuation
of the previous effort, "Envirenment Resources Management Studies in the
Kissimmee River Basin." (Huber, et al., 1976).

Upper Taylor Creek, in UOkeechobee Couunty, is selected as the drainage
impact analyses study wate.shed since hydrologic data have heen compiled
since 1955 by the Agricultural Resecarch Service and the United States CGeo-
legical Survey. This avea has undergone a transition {rom unimproved pasture
with a natural creek bed to a regime dominated by improved pasture with a
controlied channel. The investigations ave presented in Chapter II and
fall inte two categories. First, hydrologic data are analyzed in ovder to
describe the changes in nydrelogic vesponses due to the drainage facilities,
and second, hydrologic simulations with the Hydrologpic Land-Use Model,
HLAND, are used to analyze the influence of shifring land use and increasing
drainage on water losses and runoff pathways. The HLAND Users Manuel is
included as Appendix A to this report.

For the storoge and treatment analvses of [reshwater marshes, Chandier
Sleugh Marsi is chosen as ehe study area bovause of the avallability of recent
water quality and quantity data from the S¥WMD. Chandler Slough Marsh i:
also in Okeecnobee County hut is within the Kissimmee Eiver Valley and is
considered a flood plain marsh. The Chandler Slough Study is presented in
Chapter TIT and is divided dinte {louod peak attenuation analysis and evaluation
of nutrient removal efficicncy. The Storage/Trentment portion of the Storm

the hydrolegic and water quality aspects of Chandler Slough Marsh.



I1. HYDROLOU ANALYSES

INTRODUCTTON

The objectives of this portion of the research are to examine the impact
of drainage on hydroleogic relationships, to quantify basefiow relationships
with measured soil storage parameters and to quantify hydroloegic-land use inter-
actions. Upper Taylor Creek Watershed is selected as the study area for two
reasons.  One, this watershed has undergone transition from unimproved pasture,
and two, data have been compiled, principally by the Agricultural Research
Service (ARS) and U.5.6.%., since 1955. In addition, channel control structures
were installed in the 1960's under a PL 566 program.

The Upper Taylor Creek Watershed iIs in Ckeechobee County and covers about
100 square miles. The dominant soil within the basin is in the Myakka-Basinger
agsociation. Table 2.1 shows land-use hydrologic group breakdown for 1958 to
1972 and a map of Upper Tayior Creck Watershed is shown in {igure 2.1.

DATA ANALYSIS

Daily mean streamflow, rainfall, pan evaporavion and daily mean depth to
grovndwater are among the parameters which are availalle from Lhe ARS Southern
hranch (ARS Watershied Florida W-2 and W=3). Data examined prior te 1962 are
referred to as "pre-centrol' and data examined after 1963 ave referred to as
"post-contrel™.  The purpoeses of data analyses are to describe changes in
hydrolegic relationships from the pre-contral period te the post-control pericd
and to quantify the baseflow relationship for uses in hydrologic simulatien.

Croundwater Stage-Duration Curves

Compesite groundwater stage duvation curves for pre-control and post-contrel
periods are shown in figure 2.2. The groundwater "stage' is the daily mean
depth from ground surface to the water table of seven sampling wells. The
post-control curve is a composite of 1969 through 1972 with annual precipitation
of 66, 50, 49, and 42 inches. Pre—control is from 1969 through 1961 with annual
precipitation of 61, 59, and 31 inches. Also figure 2.3 shows two single year
curves, 1966 and 1960 where rainfall and runoff totals were about equal. As
shown, there seems to be enly slight variations in groundwater level frequencies
between the two periods. A pessible reason for this occurence is that control
structures (drop spillways) are responsible for keeping the groundwater table
higher near the stream channels which counteracts drawdown by ditching. See
F{gure 2.1 where groundwater well locations are shown. (Note that all but
sampling site 1 are near the stream channels with several sites just upstream
from a control structurc.)

hecession Curves

Figures 2.4 and 2.5 show Tlow (daily mean discharge), ¢, vs the following
day's flow, q,, for rainfree recession periods. A discharge relationship,

* g o= qokt, is derived from these curves where K ois the inverse slope of the
% o =, R ocan beoconverted (o Che more Temtliar Tovm:
g = qo oexp [K'o] where 17 = In(i).



TaBLE 2,1 1958/1972 Lanp Use - HynroLostc Group BREAKDOWN AREA
IN Acres ofF UppeEr TayLorR (REEXK WATERSHED.

HyproLocic Group® B ToTAL
2 3 I

SCS HyproLogich m
So1L GrRoOuP C A/D B/])
Lann Use

1. UrBaN 0/0 o 179/2176 07102 17972278

2, Croprs & _

CiTRUS | 0/0 0/230 559/947 354/1177

3.  IMPROVED o .
PASTURE /7/589  13543/50433 1433/5325 15053/56347

4, UnIMPROVED

PASTURE 256/0 37248/0 2560/0 40064/0
5. MaRrsH & - . .
FOREST 4107154  3763/1894 9036 8857/4710
TOTAL 743 54733 9036 bU5172/64512

AtvproLosic Grour 1 1S NOT REPRESENTED IN UPPER TaYLorR CREEX WATERSHED

BSrE "ENVIRONMENTAL RESOURCES MANAGEMENT STUDIES IN THE KISSIMMEE RIVER

[4

ASIN", HUBER, ET AL. FOR DEFINITION OR REFERENCES
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line. The value {or the recession constant, K, is 0.0% in the pre-control
period (figure 2.4).  ‘This R valoe alse Uits the data well in the lower
regime of flow (i.z. less than 60 cfs on the ordinate) in the post-controel
period (figure 2.5). The recession relutionship is not altered by drainage
faciiities in this range of flow. A K value of 0.7 fits the data in the
remaining range of baseflow in figure 2.5. 1Iun this range of flow, between
300 - 60 cfs, recesgsions are faster in the post-control peried. This faster
recession is due to increased interception of subsurface flow by drainage
ditches. The upper bound on haseflow is about 300 c¢fs since both lines
envelop most data points above 300 cfs on the crdinacc.

Figure 2.6 shows recession lines using streamstage plus depth to water
teble plus arbitrary datum, instead of flow. 1his parameter, H, is assumed
to be proportional to soil moisture levels. A schematic diagram of this para-
meter is presented in figure 2.7. If ¢ is a function of time and H is a
function of time, gilven initial values for coch, q as a function of It could be
derived in the following form:

- K]_
: = T :
qt/qo (Ltfno) + C (2.1}

where Kl and ¢ ave constants.

Results of plotting g /q vs. H /H on log-log paper produced a scalter
. ; C ) ; ) .
diagram. Figure 2.6 does, however, show that the recession of this parameter,
H, is not much different before aud after control construction.

Streamflow vs. Depth to Groundwater Table

These curves are shown in figures 2.8 and 2.9. Rainfree recessions are
again used. Depth to the water table is the average of all test wells within
Upper Tawvlor Creek (see [igure 2.1 for sites). For an individual rainfree
periods, correlations are nct as good. Once again, the faster recessions in the
post-control period are evident. Breakpoints for pre-control ave iun the 300 -
700 cfs vange and near 175 ¢fs for the post-control period.

Orher Analyses TPeviormed for Railnlree Recession Period

(ot shown)

1. hS VS. hGN seml-log
2 i v EGW semi-log
3 h8 Vi th ariti.
4. hUthGW_ v, hsfh: arith.
) 8}

5. hS vs. th per day arith.
6. g vs. HfHO log-log
7. Total q wvs. th arith.
8. ¢ vs. H semi=-log

¢, q/q  vs. H/HO tog-log



1 FIGURE 2.5
FLOW RECESSION
400~ Upper Taylor Creek
POST-CONTROL
300-
FLOW
qo
(cfs)
200~
100
where: |
q, = 9K
i in days
0

O |00 200
FOLLOWING DAY'S FLOW, q, (cfs)



0.2-

0.8+

0.6

0.4+

FIGURE 2.6

H RECESSION
Upper Taylor Creek
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10. q/qO vs. H semi-log

11. q vs, H log-log

Besults {of graphs not included)

For individual rainfree periods, baseflow vs. parameters sometimes
rroduced good correlations but for several such periods, correlations were
poor. The conclusion is that base{low relationships for extended periods have
not been quantified with these analyses. The graphs, at best, are useful anly
in a qualitative sense.

HYDBROLOGIC SIMULATION

The main objective of hydrologic simulation with the Bydrolopgic-Land Use
Model, HLAND, (Huber, et al. 1976; Bedient, 1975}, is ro analyze the offect of
drainage on water losses and runeff through the use of continuous simulation
before and after drainage facilities were installed in the Upper Taylor Creek
Watershed. Other objectives ar: to establish and verify the baseflow relation-
ship for the study area and to determine the effects of ditehing on soil
meisture storage levels. Simulations with HLAND are for two extended pericds,
the first from 1957 to 1961 where unimproved range was the dominant land use,
and 1969 to 1973 where improved pasture dominated. Emphasis of simulation is
to calibrate and verify HLAND for Upper Taylor Creek, then investigare the
drainage facilities’ influence on runoff pathways water losses, and storage
parameters.

Baseflow-8$0il Storape Relationship

Since hydrologic data analvsis did not provide an” adeguate long-term
baseflow relationship, HLAWND simulation is used to predict storage changes
using measured baseflow as in input. (Baseflow components of streamflow are
found using hydrograph separation techniques.) This was done for Five year
periods (1957-1961 and 1969-1973) with a daily time step. A comnstant value
correction factor was applied to the Thornthwaite ET depletion coefficients,
agreemenffh_Then a regression fit was computed between monthly averaged soil
storage levels and measurcd baseflow. In addition, adjustments were made to it
measured hydrographs with the predicted hydrographs during calibration. The
baseflow relationships are presented in figure 2.10. In the lower range of
basellow, for soil storage values below 4.35% inches, there is more baseflow in
the post-control period. This is due te the presence of stream structure { see
figure 2.1 for structure locations), although soil mositure losses (i.e.,
evapatranspiration) in the post-control perviod ave greater due to increasscd
depletion coefficicents. See Figure 2.11 for a srapbical depiction of the »ffect
ob changing depletion cocfficients on water losses and Table 2.2 for the values
of the depletion coefficienrs used in pre-control simulations. The relationships
for 1957 through 1261 and 1969 through 1973 arc as follows:

P957-1961 BF = 0,55 exp (0.9 x S5TPUY for 4.4 < §TPU E*STPUmaX
BE = 0,002 exp (2.3 « 8TPU) for 3.2 < 811U < 4.4
BY = 0,171 exp (0.91 x STPU) for O < 8TPO < 3.2
S5TPU = /.73 inches,

Mz
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1969-1973 BF = 4,11 exp (0.55 x 8Tru) [or 0 < §TPY « STPUI]
- - nax

STPU = 6L dnches,
max

wiiere BF = Baseflow for eatire watershed, cfs, and
STPU = Average Soil Moisture Storage Level, inches.

Effects of Drainage Facilities on Soil Moisture Levels
&

An analytic method which calculates the phreatic surface between parallel
ditches is used to determine maximum soil storage levels of each land use-
hvdroleogic group as a function of drainage density and scil characteristics.

The maximum so0il moisture storage fer an undrained soil profile is the
depth of soil times the effective porosity. When drainage systems are installed
the soil profile can retain the same wmaximum storage but this storape is quickly
decreased due to lateral movement {(inrerflow) into the drainage system. This
subsurface flow becomes a component of direct {quick runoff since it is vonveyed,
ultimately, to the main stream through the lateral drainage network and can no
lenger contribute to basefllow excoept by reinfiltracion.

Drainage density is defincd as the length of all streams (natural or
manmade) per unit drainage area (Horton, 1932). The iaverage length of overland
flow and the averapge ditch spacing is proportional to the reciprocal of drainage
density, hence, as drainage density increases, both length of overland flow and
ditch spacing decreases.

The effects of drainage ave incorporated into twe parameters in HLAND. First,
maximum soil mositure stvorage levels, SM{J.K), [or land use J and hydrologic group
K, are decreased as drainage density increases. Whenever these levels are
excceded, surplus woater is created. This surplus water includes subsurface
fiow, overland flow and water eventually lost hy evaporation. The second
parvameter, CDET(J,K}), is the fraction of surplus water that will remain on land
per day, hence, direct runoff is delayed and attenuated by CDET. As drainage
density increases, the CDET values decrease and surplus is removed faster. A
current modification in HLAND allows surplus wator remaining each day to be
subject to evaporation and infiltration.

Frevious HLAND simulation in Huber, et al., (1976) reliced on SCS Runoff
Curve Numbers (SCS, 1972) as & measurce of the maximum soil moisture storages,
SMJ,K) .  These curve numbers are determined rapirically for hydrelogic soil-
cover complexes based on surface runolf occurring 24 hours or less after the
raintall event., Also, depending on the antecedent conditions, differenc curve
numbers are used which makes their apvlication te continuous simulation difficult.
In the S5C8 preocedures drained soil hos a bisher maximum storage value or maximum
potential infiltratdion than undrained aoil,'thereforo, less surface runoff.

This surface runoff does not inelude the subsurface flow which will enter the
drainage network through the hipghly permeable {ioe sands found in Tayvler udreck
Watershed and much of South Florida.

An analytic methed is employed to find SM{J,X) values for each land use-
hydrologle group, in licu of curve aumber assignment.  This method calculates
the phreatic surface between parallel ditches as a lunction of drainage density
and physical characteristics of the soil associations fFound in each hvdrologic
group. Represcntative values are chosen for saturated hydrualic conductivity,
effcetive porosity, soil depth, and net accereation, then a steady state solution,
equation 2.2 (Bear, 1972) is found for the free surface between the paraliel



ditches.

A . [ .
hix) = {ho + N/K (L - x) w }l’ (2.2)

where ho = Soil depth - ditclh depth, length,

N = Net Accreation, lengch/tine,
K = Saturated hydraulic conductivity, length/time, and
h{x) = Height of surface above impermeable layer a distance

x between parallel ditches, length.

Fquation 2.2 is integrated to dutermine the area under the phreatic surface
and divided by the ditch spacing to vield an average ‘depth to (he water table.
Using these procedures for all land use~hydrologic proups provides relative
vilues for SM(J,K) which are presented in Table 2.3 for the various land use—
hydrologic greups found in Upper Taylor Creek Watershed.

Discussion of Model'’'s Performance and Results

Generally, HLAND will predict trends in streamflow without extensive
calibration efforts. Measured and predicted hydrographs are shown in Ansendix
B. Low fiow volumes are usually in good agreement which suggested that the
baseflow relaitonships derived as described during calibration runs are adequate
for modeling purposes. Since the model is based on water balance, discrepancies
between measured and predicted streawmflows are a result of inaccurate prediastions
of storage changes.

Indications arc that short term evapotranspiration, ET, predictions and/or
unaccounted for groundwater discharge (or techarge) are the factors influencing
these variations. Note that one fourth inch of runcff over the watershed
translates into about 260 cfs-day of streamflow, therefore, slight inaccuracies
in moisture levels will produce the indicated discrepancies. Also, to be con-
gistent with available inputs, the model makes no distinctions among intensities
of rainfall nor among spatial variaticns beyond Theissen weights,

The predicted monthly and yearly direct, base, and total runoff compoenents
are presented in Table 2.4 - 2,14 alony with measured total runoff for Upper
Taylor Creek, 1958 land use is used for the pre-contrel period and 1972 land use
is used for post-control {see Table 2.1), These tables illustrate the shift
from baseflow to dirvect flow with increassced agriculturat development.  Note
that direct flow includes interflow. This shift of runoff pathways can be
observed in the flow recession curves (figurus 2.4 and 2.95) where there is a
downward shift in [low regimes. The same type of effcet can aiso he observed
in the streamflow vs. depth ta groundwater table curves (figures 2.8 and 2.9).

The mean ratic of annual baseflow to annual toral flow is 0,31 (standatcd
deviation, s, = 0.06) in the pre-control period and 0.54 {s = 0.08) in the
post-control period. A decrease in bagelflow is, primarily, accompanied by an
increazse in interfiow although the mean annual total flow to annual precipitaticon
ratio is depressed from .33 (s = 0.12) in the pre-coantrol period to 0.27 (s =
0.12) in the post-control pericd. This Implies that there is, also, an
Increase in the El losses due to watershed aslterations, at least for the two
study periods. Mean annual LT are 34.91 inches (s = 2.24) and 36.75 inches
(s = 1.51) for pre-centrol and post-control periods, respectively. These pre-
dictions are supported by the fact that predictions eof ET by subtracting annual
vunoff from annual precipitation aqd neglecting storage changes are 34.57 inches
and 36.64 inches, respectively.



Table 2.2 Depletion Coefficients, DWL Pre-Control/Post-Control
Simulation Periods

(1nchas”i)

Hydrologic Group

Land Use 2 3 4

1. Urban 0.181/0.258 0.205/70,293 0.409/0.584
2. Crops & Citrus 0.197/0.281 0.233/0.322 0.745/1.064
3. TImproved Pasture 0.160/0.228 0.181/0.258 0.287/0.409
4. Unimproved Pasture 0.093/0.132 0.129/0.185 0.189/0.269
5. Marsh & Forest G.082/0.117 0.114/0.163 0.166/G.238

Table 2.3 Maximum Soil Storage in Inches for Hydrologic Simulation®

Hydrelegic Group

Land Use 2 3 4

1. Urban H.13 5.348 S 2,66
2, Creops & Citrus . 5.6 4,71 1.49
3. Improved Pasture . G.O5 6,13 3.70
Ao Unimproved Pasture 11.77 S, 44 5.601
5. Marsh & Forest 11.8a. .45 5.76

d . , - o a e - . . . . oo [
Calculation from "Procedures to Calculate Soil Storage Parameters for Use
in HLAND for Modified Land Use", sce Appendix C.




The mean annual precipitation for the pre-contvel pericd and post-control
period are 52.26 (s = 12.68) and 52.48 (s = 8.02), respectively.  The mean

monthly average soll storapes are 4.41 (s = A0 and 3,82 (s = 1.59) for the
pre- and post~contrel periods, respectively.

SUMMARY

1. Upper Taylor Creck has undergone transitlon from unimproved range and marsh
lands to a regime dominated by improved pasture: in addition, channel modifica-
tions and control structures have been installed in the 1960's through a PL 566
program.

2. There are only slight variations in observed groundwater level frequencies
between the two study periods.

3. Streamflow recessiens are faster in the post-control period. The faster
recessions are prebably due to increased interception of subsurface lateral
flow by drainage facilicies.

4. Hydrograph separation, flow recession data. and streamflow vs. depth to
groundwater plots indicate shifts in runof{ pathways where the upper limit of
baseflow (daily mean discharge) is between 300 - 700 cfs for the pre~control
period and near 200 ¢fs in the post-control period.

5. Monthly and yearly HLAND predictions of direct, base and total runoff
components are presented in Tables 2.4 - 2,17 along wich measured cotal runoff
for Upper Tayler Creek. 1958 land use is uscd for the pre-control simuiation
and 1972 land use for the post-control simulation.

B. Results from HLAND indicate o maior shitt Trom Lasellow Lo direct flow
(including interflow) with increasing agricultural development. During the
1957-1961 period 91% of total [low is baseflow while conly 54% is baseflow during
the 1969-1973 pericd.

7. Tor the 1957-1961 and 1969-1975 pericds, mean annual evapotranspiration
losses increase from 34.91 to 36.75 inches; mean monthly soil moisture storages
decrease from 4.41 inches to 3.82 inches; and the mean annal ratios of total
runcaff to rainfall are depressed from 0.38 to .27, respectively.



TABLE 2.4

YLAR

1957
1958
1959
1960
1961
TCTAL
1357~ 1861

1569

1970

1971

1372

1973
TOTAL
1969-1973

RAINFALL

60.02
49.96
61.15
59,16
31.02

261.31

65.76
53.39
49,36
42.36
49.51

257,38

ET

36,83
33.11
it 34
36,46
57.94

PREDICTED RUNOFF,

FREDICTED
RUNCFF

21,69
12,84
26,28
27.22
0.43

SUMMARY OF YEARLY PRECIPITATION, PREDICTED
EVAPOTRANSPIRATION,
MEASURED RUNOFF, - .
(ALL VALUES IN INCHES)

MEASURED
RUNOFF

20,95
11.12
25.16
30,66

0,58

83.47

50,15
15.05
13.77
5.73
9,50

7420
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III. ANALYSES OF STORAGE/TREATMENT CAPABILITIES OF A FRESHWATER MARSH

INTRODUCTION

The use of swamps, marshes and available depressicns for storage and
possible treatment of stormwater runoff has been suggested in recent years.
Recent studies have quantified nutvient uptake by marshes and swamps (Shih
and Hallett, 1974; McPherson, et al., 1976). The main objective of this chapter
is to determine the ability of natural marshes to serve as gquantity and qualicy
centrol areas. For this purpose, the Chandler Slough Marsh is studied in
detail because of availabilicy of previous worl and recent data.

DESCRIPTION OF CHANDLER SLOUGH

Chandler Slough Marsh is located within the Lower Kissimmee River Basin
in Okeechobee County. The study area,shown in figure 3.1, is the portion of
Chandler Slough between C-38 and U.S. 98, the downstream cnd of a drainage
system which includes Gove Slough, Vish Slough, Cypress Slough, Ash Slough
and Peat Marsh. The drainage area is approximately 74,000 acres of land
dominated by improved pasture.

In order to properly evaluate the attenuation abilities and treatment
efficiency of Chandlier Slough Marsh, several fundamental hydrologic relationships
are determined, pavticularly the stage-volume-discharge relationships.

Hydrologic data used for the rescarch include daily mean inflows at the Norch

and South Bridge stations and dally mean stage record at Chandler Slough

tlarsh station, {(see figurc 3.1 for location). The stage-area-volume relationships
in figure 3.2 are derived from transects of Chandler Slough Marsh supplied by

the SFWMD.

Since the outlfow from Chandler Slough is not gauped, the stage-discharge
relationship, figure 3.3,is estimated by plotting receding inflow vs.
stage measured at the Chandler Slough Marsh station and fitting these data with
a curve. The assumption here is that for slow recession periocds, inflow is
approximately equal to outflow. Note in fipgure 2.3 at stage 29 fect above MSL
the inflow is minimal although there are still fluctuations in the stage below
this level due to backwater from C-38 and secondary inflows and outflows (e.g.,
evaporation, seepage}. To allow for this fluctuation, zero depth is set at
28 feet above MSL since the stage rarely is beleow this level, and 29 feel above
MSL can be thought of as a "weir" height corresponding to the point at which
actual outflow In the marsh begins. The fellowing equation represents the
depth-discharge function:

0= 215 (1)—1)‘3" (3.1

i

where (
D

Q

daily mean outflow, cfs,
depth above 28 ft MSL, ft, and
O when D < 1

I

These hydrologic relationships are used in the Storage/Treatment portion
of the Storm Water Managsment Model, Huber, et al., 1975, to simulate the
nydrology of Chandler Slough Marsh. Verification of these relationships is
achieved by comparing measured parameters with predicted parameters, as shown
in figure 3.4 for stage in the marsh.
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FIGURE 3,2 Stage~Areca-Volume relationships for
Chandlier Slough Marsh
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FLOOD PEAK ATTENUATLON

Ilood attenuation is a function of storape capacity, with greater
attenuation related to greater storage vapacity. The effectiveness of a marsh
in attenuating a given flood peak is related to the available storage (i.e.,
initial conditions) and the magnitude of the flood event. Also, decreasing
the size of the marsh arcas will effectively reduce storage time (residence
time), implying, therefore, that a decrease in the amount of attenuation will
also occur. In addition, it may be desirable from a quantity and/or quality
standpoint to control the marsh's outflow and storage level. Attenuation
factor is defined as the ratio of outflow peak discharge to inflow peak dis-
charge. Therefore, analyses are performed to determine how the attenuation
factor is related to the percent of a catchment area in marshes, initial storage,
and stage-discharge function.

Since the hydrologic relationships for the marsh are known, it is desirable
to keep the marsh area constant and vary the catchment size. In the simulation
scheme, all the marsh area is assumed to be at the downstream end of the
catchment. Also, to evaluate the effect of a control structure on the marsh
outilow, two additional arbitrary depth~discharge relationships are modeled
along with the uncontrolled {existing natural) relationship. Figure 3.5 shows
the three cases simulated: 1) uncontrolled outflow, 2} broad-crested weir
length 40 feet and weir height at 29 feet above MSL and, 3) broad-crested weir
with weir length of 40 feet and weir height at 30 feetr above MSL.

P

ihe motivation [or the attenuation analysis is the relationship of

Barnes and Colden (1966) for attenuation of the mean annual floed. They derive
a curve for the reduction of the mean annual [lood discharge in relation to

the percent of the drainage area in lakes and swamps by comparing discharge
records for drainage basins containing lakes and swamps with otherwise
equivalent basins.

Since the entire Lower Kissimmee Basin has discharge records only at
the upper and lower boundaries, it would be necessary to simulate on a long-term
basis the hydrology of a lateral tributary in the Lower Kissimmee Basin to
define the mean annual flood event for that lateral watershed. This could be
accomplished by continucus simulation using HLAND, (Huber, et al., 1976; Bedient,
1975), although this would require simulating many vears just to find the
average mean annual flood.

Instead, a simpler method is employed to estimate the mean annual f£lood
hydrograph, The method lfovolves certain assumptions about the flood peak, the
velume of the evenc, and the geometry of the hydrograph.

The [lood peak is taxen from the relatinaship of Barnes and Golden for the
maximum mean annual flood peaks within the region which includes the Fissimmee
River lLasin:

0 =285 AV 10 < AL < 100 (5.2

peak d - d o

where ( mean annual flood peak, cfs, and

peak

.
£y

L drainage area, s¢. miles,
L
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This relationship is derived from data up te 1961 and is generalized
for a large region, not just Chandler Slough drainage area. In addition, the
mean annual flood peak may be bigher now because of inereased development in the
basin. An example of how agricultural development influences discharge in the
neighboring Taylor Creek Watershed is illustrated in figure 3.6.

The Barnes aund Golden relationship prevides the magnitude of the flood peak
but says nothing about the total velume of the flood event nor the time to the
peak. As the size of the catchment increases, both of these parameters increase.

Since the return period for the mean annval flood is 2.33 years, the
maximum 24-hour rainfall to be expected once in 2 years is assumed to be the
event which produces the mean annual {leood. Actually, the 2 year maximum 24—
hour rainfall may not be related to a flood with a simular return period, since
the magnitude of a flood is controlled, to a large extent, by antecedent conditions.
For the Chandler Slough area, the maximum Z4-hour rainfall to Le expected once
in 2 years is 5.0 inches (Hershfield, 1961). This represents the maximum point
value. The ratio of area rainfall (i.e., spatially averaged rainfall) to point
to point rainfall for durations of 24 hours is between 0.93 to 0.99 for areas
in the range of interest in this analysis (Eagleson, 1970). The area rainfall
producing ;he mean annual fleood -is thus assumed to be 0.96 times the point
rainfall.

‘To estimate the volume of runoff from the rainfall of 4.8 inches, the
Runcif Curve Number Methed (SCS, 1972) is used. Using the antecedent moisture
conditions with the highest runoff potential, the Runoff Curve Number Method
glves the runoff equal to 3.9 inches over the drainage arca excluding the marsh
arca. Hence, the runoff which produces the flood event is estimated to be
about 4 inches per acreo, which probably is more extreme than the actual mean
annual flocd. Teo provide a lower bound for the mean annual [lood volume,
analysis is also performed using total runoff equal te 2 inches per acre. These
two volume assumptions are made because data concerned with the return periods
of total flood volumes are not available, '

As for the time to the peak, Tp, a dimensionless triangular unit hydrograph
figure 3.7, 1is employed. This hydragraph was developed from a large number
of natural unti hydrographs from watersheds varying widely in size and gecgraphical
incations (8CS, 1972). Since the total flood volume and Q eak are know for a
given catchment size and 37.5% of the volume is under the rise limb of this unit
hydrograph, Tp is as follows:

1= 20,375 Vo1)/Q (3.%)

peak

where Vol = total flood velume.

Knowing the peak and assuming the above nentioned characteristics, inflow
hydrographs can be determined for various racios of marsh area to catchment
ar=a. Two examples are shown in figure 3.8. Note that as the fraction in marsh,
X, deovreases (l.e., catchment area increases) the total volume and tdime to peak
increase.

These inflow hydrographs are not necessarily related to the "true' mean
annual flood except that they boeth share the same peak. Nevertheless, the
hydrographs allow for a consistent evaluation of attenuation under varicus
conditions.
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Since greater storage implies greater attenvation, maximum attenuation
occurs when the initial depth of the warsh is zero. Maximum attenuacion will
rarely be realized since a major flood will rarely occur when the marsh depth is
zero. For the marsh depth to be zero, the groundwater levels within the drainage
basin would also have to be low. Tor the three cases modeled, maximum attenuation,
as it relates to percent of catchment in marsh, is shown in figures 3.%a and 3.9b.
The arrow represents the present condition’of Chandler Slgugh-Cypress Slough Water-
shed with 18 percent of the catchment in marshes, which is less than half the
area in marshes in 1958. At the 18 percent level the maximum attenuation factor
{(ratios of cutflow peaks to inflow peaks) for the three cases are about 0.22,
0.14 and 0.0 (total capture), rtrespectively, with the 4 inch per acre event and 0.02,
0.03 and 0.0, respectively, with the 2 inch per acre event. The conclusion drawn
from this analysis is that control structures increase the single event attenuation
achieved by the marsh although the control structures modeled lose their effective-
ness when the marsh area decreases below about 5 percent.

Figure 3.10 shows the effect of initial ceondition of the marsh on its ability
to reduce the flood peak for the present condition. As initial depth increases,
avallable storage decreases and the attenuation factor increases. This figure
also shows results for a more conservative estimate, 2 inches per area, of runoff.
‘Here again, it is evident that a control structure with a gate is advantagesous, since
the marsh stage could be repulated to increase the marsh's ability to reduce the
peak discharges. This mayv only consist of drawing down the marsh stage at the
beginning of the wet season which may also be advantageous from a water quality
standpoint.

EVALUATION OF TREATMENT EFFICIENCY

{ass Loading

Mass lcadings to and from the Chandler Slough Marsh are calculated in order
to determine the cffectiveness of the warsh in nutrient removal. A water gquality
sampling program for the Chandler Slough area was initiated by the FCD in 1974
(Federico, et al., 1978). SFWMD personnel indicate that 1975 data are the most
complete with regard to sampling avound major rvuncff events, hence, 1975 is chosen
Lo evaluate removal efficiency. Loadings for 1976 are also calculated although
samples were not taken during May, the beginning of the 1976 wet season. Although
a wide range of chemical parameters were sampled, only total phosphorus and
chloride ion ave included in the analysis discussed below, the former because
of its significance in the eutrophication procoss and the latter because it is
a conservative substance., Siuce outflow {rom Chandler Slough is not gauged and
therefore must be generated by simulation, the conservative chloride ion serves
as an indicator of the accuracy of outllow prediction. In addition, tbotal inflow
is taken as the sum of the two major tributaries, Chandler Slough at North
Bridge and Cypress Slough at the Scuth Bridge. All additional inflows and
outflows, such as evaporation, seepage and rainfal, are assumed to be negligible
and/or offsetting. More detailed water chemistry investigations in Chandlier
Slcugh Marsh, including description of sampling procedures are in Federico et al.,
1978.

Water chemistry sampling locations include both North and South Bridges
and a station at (-38 (see figure 3.1). Concentration data are shown in Table
3.1 for 1975 and 1976. Data are intermittent, therefore, concentrations for
davys without data were generated by linear interpolation between the previous
and next available data points. Knowing the concentrations of the paramcters
and the measured inflows and predicted outflows, mass loadings to and from



Chandler Slough Marsh are found. Tables 3.2 and 3.3 show the monthly summary

of initluxes and effluxes of flow, total phosphorus and chloride ion in 1975

and 1976, respectively. The 1975 and 1976 annual precipitation totals (measured at
Basinger) are approximately 33% and 172 below the mean annual precipitation

of 52 inches (5CS, 1973).

The overall removal of total phosphorus is 6.73 percent indicating that
the marsh in 1975 has low effectiveness in removal of this nutrient. There
is an apparent removal of 4.97 percent of the conservative chloride ion which
suggests dilution by the presence of additional inflows and thus cven a Lower
actual remcval of total phosphorus than indicated.

Follutographs of inflow and outflow, figure 3.11, illuscrate the "first
flush" effect during June - July of 1975, where undoubtedly much of the previous
year's deposition of total phosphorus is released. During the remaining portion
of the wet season and in 1976 there is a net reduction in total phosphorus between
the inflow and outflow loads. The pollutograph peak in June corresponds to
the daily mean inflow and daily mean outflow hydrograph peak, which is the
largest daily mean flow of 1975. During this event, detention times are on the
order of one day and average velocities are on the order of 0.1 f{t/sec, assuming
a uniform velocity distribution across the marsh cross-section. From a water
quality standpoint, additional attenuation of the ahove mentioned peak would
be desirable since detention times would increase and velecities decrease,
possibly decreasing the release of total phosphorus.

The 1976 calculations indicate an §5.60%7 net removal of chloride ion and
a 34.76% net removal of total phosphorus. The high net removal of total
phosphorus is suspect since the first wet season samples were not taken until
June 11 and about 257 of 1976 rainfall (measurcd at Basinger) occurs in May.
In addition, about 17% of the measured inflow into Chandler $lough Marsh occurs
prior to these first samples. The question avises: 'Is there a period in 1976
of net phosphorus release similar to the 17 day period in June and July 1%75?"
Intlows similar in magnitude to the "flushing” inflows of 1975 begin on June 10,
1976. Tigure 3.12 shows a comparisou between daily mean inflows end daily mean
stage for the similar events in 1975 and 1976 where both periods include the
largest daily mean inflows of each vear. During the 1976 event and for the
remainder of 1976 the marsh acts as a phosphorus sink (21% net removal between
June 10 and June 16). This figure illustrates the importance of antecedent
conditions (i.e., stage) on the treatment efficiencies of the marsh. The
marsh state prior to the 1975 peak is about 0.8 ft. lower than the stage prier
to the 1976 peak. In 1976, with the higher stage, an additional 180 acres are
inundated.

Tf a major flushing event occurs in 1976 it would liave to occur prior Lo
June 10. About 82060 acre-ft of inflow to the marsh is recorded between May 17
and June 9 which is equivalent to about 1.5 inches of runoff over the drainage
areas. The largest dsily mean inflow during this pericd occurs on June 1 and
is 726 acre-ft which is only one third the magnitude of the largest daily mean
inflow that produced to 1975 net release. TIf this inflow is assumed to be
adequate to flush the marsh and the most extreme conditions are assumed, e.g.,
all of the May 1976 import (2.20 metric toms) and all of the 1975 deposition
(2.33 metric tons) are released, the net removal of total phosphorus fer 1976
would 17.3 percent.



Table 3.1 Total Phosphorus and Chloride Ion Concentrations for Chandler
Slough Marsh, 1975-76.

Not Included



Table 3.2 Summary of Flow, Total Phosphorus and Chloride Ion Imports and

Exports for Chandler Slough Marsh

1975

Month Flow Total Phésbhorus Chloride Ion
(acre-fi) {metric tons) {metric tons)
Taflow? Outflowh Import i Export Impore Export
Jaa. 30 80 0.00 0.00 2 2
Feb. 30 4G 0.00 (.00 3 3
Mar. 0 0 0 0 0 0
Apr. 0 0 0 0 o 0
May 0 0 0 0 a G
June 8410 6720 3.75 5.09 120 120
July 9590 9880 4.40 4.05 280 291
Aug. i 2590 3390 L.14 .69 67 98
Sept. 5740 4990 1.43 0.84 198 164
Oct. 13990 12550 2.68 1.80 541 406
Nov. 6400 8760 1.3 1.22 234 298
Dec. 110 410 0.01 0.04 3 15
TOTAL | 46890 46730 14,72 . 13,73 1528 1452
Net Change - 160 -0.99 -76
% Net Removal 0.35 6.73 4.97

Finflow is the sum of North Bridge and South Bridge discharges

bcomputed by SWMM



Table 3.3 Summary of Flow, Total Phosphorus and Chloride Ion Imports and

Exports for Chandler Slough Marsh

Total Phoséhorus

Month Flow Chloride Ion
(acif_ft) (metric tons) (metric tons)
Inflow Outflow TImport Export Tmport Export
Jan. 10 0 0.00 .00 0 0
Felb. 0 0 0 0 0 0
Mar. 0 0 0 0 0 0
Apr. 0 0 0 0 0 0
Hay 3710 2860 2.20 0.67 138 70
June | 14590 15020 518 5.74 438 372
July 5720 5440 1.85 1.28 161 146
Aug. 16840 17060 7.55 5.03 418 426
Sept. 4380 5030 1.57 1.24 119 130
Oct. 3110 3060 1.05 0.65 105 116
Nowv. 20 70 0.00 0.01 1 3
Dec. 80 10 0.01 0.00 3 0
TOTAL | 48360 48550 22,41 14.62 1383 1264
Net Charpge +130 -7.79 ~119
# Net Removal -0.27 34.76 8.60

a, . . . ; .
inflow is the sum of North Bridge and South Bridge discharges

bcomputed by SWMM
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Water Quality Simulation

Water quality simulation is necessary to evaluate the effects of altering
the hydroleogic relationships on the marsh's ability to serve as a water quality
control unit. The Storage/Treatment Biock of SWMHM (Huber, et al., 14%75) 1is
used to simulate Chandler Slough Marsh. Plug flow is assumed with nutrient
removal following a simple first-order decay relationship.

Since the hydrology of Chaudler Slough Marsh has already been calibrated
in the mass loading and attenuation analyses, the calibration effort is directed
at determining the first-order decay coefficienc, K. Tt is realized that
actual removal (and release) mechanisms involved complex interactions among
physical, chemical and biological pathways but the first-order decay relation-
ship will have to suffice since knowledge of the above pathways is limited and
data are restrictive. The mass loads for total phosphorus derived from measured
concentration data are assumed to represent the "actual' loads. Inflow loads
to the model are equal to the combined lpads calculated at the North and South
Bridges; predicted outflow loads are then compared with "actual” outflow loads
using various values for K. 1In addition, K is assumed to be temperature dependent
and is expressed as

. ~-20°
K20(1.047)Te 0 (3.4)

K

where Te = mean monthly temperature, °C, and
K”O = reaction coefficient at 20°C, nr—i,

This allows the first-order decay coefficient seasonal variation.

A four month period commencing on August 1, 1975 is chosen as the calibraticn
pericod because the marsh acts only as a phosphorus sink, apparent removal of
chloride ion is small (1.3%) and the temperacure is variable. Net velease of
total phosgphorus is not allowed in the medel.

Table 3.4 shows the pounds of total phosphorus released using £90 equal
to 0.008, 0.007, and 0.000 per hour and the "actual' release during the calibra-
ticen period. A Koq of 0.007 per hour (0.168 per day) yields the closest agreement
with the "actual” release total. Therefore, this value is chosen to represent
the first-vrder decay coefficient at 20°C for subsequent simulations of Chandler
Slough Marsh. The mean monthly warer tewperatures for the Kissimmee-Everglades
ares between May and November range between 26.0 and 22.0°C and average about
25°C_(Shih and Hallett, 1974). Hence, the average wet season K is about 0.2
day_l. Comparisons between predicted and "actual' monthly loads during the
calibration period are presented in Table 3.5.

The effects of controlling the cutflow of Chaundler Slough Marsh are evalu-
ated using 1976 inflow and loading data. Simulations are performed using the
broad crested weir fermula as the depth-discharge relationship. Also, the
predicted net removal of tetal phosphorus {for 1976 with the "natural' depth-
discharge relationships is 27.38%. Figure 3.13 summarizes the results using
various combinations of weir lengtlis and weir heights. Percent removal, average
stage and maximum stage for the 1976 wet season are pletted as functions of the
welr parameters. This figure illustrates the trade-offs between flood control
and water quality considerations. For instance, the highest weir height results
in longer detention times and thus higher nutreint removal, but the higher stages
result in mwore frequeunt inundation of surrounding areas.



Table 3.4 Predicted and actual release of total phospharus (August-November,
1975) with various values of K

20°
Ka Release of Total Phosphorus Percent
20 (1bs.) ’
-1 ) b Error
{hour ™) Predicted Actual
(.008 9630 10030 -3.99
0.007 10060 10030 +0.30
0.006 L0550 100390 +5.18

Table 3.5 Comparison between predicted and actual monthly release,of total

phosphorus {August-November, 1975) with KEO = 0,007 hrml {0.168 day-l).
Month Release of Total Phosphorus Percent Mean Monthlyc
(1bs.) Temperature
Predicted Actual® brror e
August 1560 1520 2.63 26.5
September 1880 1850 1.62 25.0
Cctober 3790 3970 -4.53 22.0
November 2830 2690 5.20 22.0
|

- Ty 0
T =Ry (1.047). T

Actual values are derived from intermittent concentration values and predicted
{SWMM) outflows.

C . . . .
Mean monthly water temperatures for Kissimmec-Everglades area (Shih and Hallect,
19743,
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Detention times for Chandler Slough Marsh are apprioximated by:

T = STOR/G {3.5)

1t

where T detention time, sec,

[ 451
w3
=
=
f

volume in stogage, ftj, and

= discharge rate, cis.

FEquation 3.5 represents the "instantaneous” detention time for a complete
mix storage unit. Actual detention times, computed by the SWMM simulation
using plug flow, are the number of time steps a plug or fraction of a plug re-
mdin in the storageunit., Nevertheless, the instantaneous detention time is

useful to approximate the detention time because STOR and Q are expressed as
functions of depth or stage.

The volume-depth relationship, illustrated in figure 3.2, is expressed as:

STOR

i

3.12 x 107 (p)l-2b4 (3.6)

N

where D = marsh depth, ft.

Note that zero marsh depth is at about 28 feet above MSL.

The discharge-depth function, eguation 3.1, for the present conditions
(i.e., uncontrolled, no structures) is as follows:

Qefs) = 215 (0 - 1)%-? (3.1}
'he detention time, in days, for Chandler Slough Marsh, substituting
equations 3.1 and 3.6 into equacicn 3.3, is thus approximately:

1.264 ]

T = 1.68 () TGO L)E'” (3.7)

where D ig greater than 1 foot,
For the fixed weir outlet, the detenticn time is:
12 L2064 " o5
T=2.70 x 107 0" 7% (3,33 WEIRL(D - WEIRHT)] (3.3)

where WIEIRL
WEIRHOT

weir leagth, ft and
welr height, ft.

if

Detention times from equations 3.7 and 3.8 as thev relate to depth For
Chandler Slough Marsh are shown in figure 3.14 for present conditions and for
several fixed weir outlets,

SUMMARY

The fraction of marsh area to catehment area determines the amount of flood
attenuation. Fixed outlet structures can increase single event attenuation
although they change the stage frequency thereby altering available storage.

An outflow structure, such as a gated spillway, allows for stage regulation.
The attenuation analysis assumes all marsh area is downstream of the catchment.
Scattered upland detention areas may achieve greater attenuation.
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The mass calculations indicate Chandler Slough Marsh removes 4,97% and
8.60% of chlorides in 1975 and 1976 which sugpests that there are additional

inflows into the marsh other than the Chandler Slough (North Bridge}iand the
Cypress Slough (South Bridgc) drainape systems.

Net total phosphorus removal for 1925 is between 2.1% and 6.7% with an
"uptake" of as much as 2.3 metric tons. For 1976 net total phosphorus removal
is between 17.3% and 34.8% with an “uptake" of between 6.3 and 7.8 metric tons.

There is considerable room for error in these water quality analyses.
Since only about 30 days of concentration data are avallable for each wet
season (1975 and 1976) with fewer (less than five) data points for the remainder
of each year. Concentration values are estimated for the intermittent days
by interpolating between data points.

The wet season equivalent first order decay coefficient for total
phosphorus is found to be on the order of 0.2 day"l which is equivalent to
about 18% removal of total phosphorus per day of detention in the marsh.

The marsh in-its present state may periocdically release a large portion
of accumulated phosphorus, as is the case in 1975. “Flushing” of the marsh is
speculated to occur due to large inflows after a period of low water (i.e.,
large portions or all of the marsh area are dry). TIf this is the case, stage
regulation with an outlet structure could minimize marsh dry out and possibly
reduce rclease of phosphorus by increasing the hydroperiod. For instance, if
the marsh depth and weir height are 2 feet and inflow ceases, it will take
about 3.4 months and 5.1 months to reduce the depth to 1.0 foot and 0.3 foot,
respectively, assuming a constant net loss of 3.5 inches per month.

The flushing of the marsh provides a means by which deposited material is
removed. By altering the present cycle with an outlet structure, increascd
buildup of material may occur. A more effective method of reducing nutrient
release into C-38 is probably to utilize upland marshes and sand ponds as
contrel units in conjunction with the downstream marsh. By detaining surtace
runoff,these units will increase detention time and change the regime of much
of the runoff from direct to subsurface pathwavs, thereby reducing inflow peaks and
nutrient concentrations to the downstream marsh,

Fixed weir outlet structures are simulated for 1976 inflow and mass loading
data. Their effects on phosphorus removal, average, and maximum wet season
stage for 1976 are shown in figure 3.13. TIncreasing the weir height of the
outlet structure will improve phosphorus removal by increasing storage and
detention times. Also, phosphorus removals increase as welr lengths decrease,
Both increasing the weir height and decreasing the weir length will increase
the average and the maximum stage. For example, with a welir length and weir
heisht of 100 ft. and 2 ft., respectively, the net 1976 total phosphorus removal
is about 40% while the average and maximum 1976 wet season stages are 30.45
and 31.85 ft. above M5L. But with a weir leogth and weir height of 150 ft.
and 1.5 fr., respectively, the net 1976 total phosphorus removal is about 30%,
while the average and maximom 1976 wet season stages are 29.86 and 30.95 ft.
above MSL.

The net total phosphorus removal predicted by SWMM is 27.4% and the average
and maximum stages are 29.68 and 30.90 fi. above MSL for the 1976 wet season with
natural outfiow from Chandler Slough Marsh.



NOTATION

Chapter TT

BF = Baseflow for entire watcevshed {cis).
CDET = Fraction of surplus water remaining on lavd per day

DWi. = ET depletion coefficient {mwn~1l),

H, = hS + th + arbitrary Jatum at tive t ().
hoy = Daily mean depth to groundwater table ([c).
hy = Soil depth - ditch depth (fc).

hg = Stream stage measured ar Taylor Creek at U.S. Uwy. 441 (ft).

hi{x} = Height of phreatic surface above impermeable layer 2 distance x
between parallel ditches (ftr).

K, X', Ki, € = Constants.

K = Saturated hydraulic conductivity {length/time).
Gy = Daily mean discharpge at time t (ofs).

5 = Standard deviation,

SM = Maximum seill molsture storage (inches).

STPU = Average soll wmolsture storage level for the entlre wacershed {(dinches).

) R
Aq = Drainage Area {(mile”).

D

it

Depth of marsh above 28 {t. MSL (9o},

1 o a . . '—_‘
K = First-order decay coefficient {time™+}.
sz") = K at 20°C. (_L_imc—l;}.
¢

fi

Daily mean outlliow (cis}).
cenl = Mean annual {lood peak {(cfs).
peak !

STUR = Volume in storage (£t23.

T = Devontlon Lime.

Te = Mean moenthly temperacure {°C).

it

) T, = Time to peak ol Ileod vvent,
Vol = Toral flood volome (ftj).
WETRHT = Weiw heipht (fe).
WEIKL = Weir lengch {ft).

X = Area in marshes/cotal drainage area.
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APTENDIX .

PROCEBURES 10 CALCULATE SOTL STORACE PARAMETERS

TUR USE IN HLAND

INTRODUCTION

The following procedures are desiegned to determine the maximum soil
moisture storages, SM{J,K), for use in the Hydrologic-Land Use Model, HLARD.
M values are found as functions of drainage densities and soil parameters,
in lieu of the analegy to the SC3 Curve Number procedures (see equation A-5).
The depth to the impermeable barrier times the effective porosity is the
maximum possible soil srorapge. Each land use, depending on its drainage
density, has some fraction of this maximum soil storage. This method uses a
steady state Dupuit equatien for the free surface between parailel ditches,

Figure C-1 shows the ildealized representation of the soil cross section,
The soll profile is assumed to be homogeneocus with respect to poresity, hydraulic
conductivity and depth within each hydrologic soil group. The drainage network
is assumed to be parallel with diteh depth and ditelh spacing remaining constant
for each land use., Parameters vary between hydrologic soil proups (e.g., values
for hydrolegic conductivities, eflective porosities and soil depth are gensrally
highest in 5C8 Hydrologic Soil Croup A and lowest in Oroup D). Although most
parameters must be estimated, the method gives relarive indications of the
effects of drainage densities on spil meisture parancters.

DEFINITION OF TERMS

B = Deprh to impermeable laver {({t.) = Seil depth {7t.).
N = Net average accretion (inches/day).

et
[}

Hydraulie conductivity (inches/day).

n, = Effective porosity.

ﬁd = Drainage density {(mile/sq. mile).

I = Dicch spacing (ft.} [neplecr divch wideh].
SM = Maximum s0il moisture storage {(inches).

d = Ditch depth (ft.).

h(x)‘égﬂeight‘abovm the impermeable layer of the steady state phrentic surface
at distance x from pavallel dicch (ft.).

h =31 - d {fr.).

o
3 - . -~ - ‘J -~ - )‘ _..) . » N - N
Lmax Ditch length where h(x Lmﬁx") ino{fe.d.

CN = Curve number.



PROCEDURES

STEP 1 Determine vepresentative values for K, H, and n_ for rhe nvdrologic
3 e ) B

soil group of interest,

STEP 2 Estimate N, ¢ and Dd for the land use of intereat. N = average

runcff adjusted to the same units as ¥.

STEP 3 ¥Find ditch spacing, L (ft) where 1T = 5280 / Dd'

STEP 4 The steady state equation for the shape of the norTeatic surface
{(Bear, 1972) is as follows:
hix) = [ 0% + N (L -x)x /K }L/? (c.1)
Solving eq. C.1 for L when hix=L  /2) = |
max Ty
L= [ 4K ( H® +ht ) /7w 1t/? (€.2)
max o
STEP 5 If ditch spacing, L, for the land use is less than or equal to Lqui
then GO TO STEP 8. If L is greater than LW_’, then GO TO STEP 6.

STER 6 Tntegrate eq. C.1 from x=0 to %=L .
max

= + (K7 2 {a)aresin L
1 Lmaxhc/z KSRy e ot Nima§4 Yarcsin[ a4 ] (C.3)

where T = [ h{xddx from x=0 1o x=1,

X

1

NL? NL2 4 4wnfyise
A LNImax/(” Kh=) ]+

]
ma &
~/2 < aresinl A ) < 1/2

STEP 7 Find the average height of the phreatic surface, h(x), when L> L

max”
hixj = I/L + (L - L /i o
’ : ) max (C.4)
GO IO STEP 10,

STEP ¥ Integrate eq. C.1 from w=0 to x=L. (same as eg. C.3 but with Lmqwx L).
STEY 9 Find the average helght of the phreatic surface, hi{x}, when 1. < 1, .
- “max

hi{x) = T/1, {C.53

STEF 10 Determine the maximum soil moisturo sterdage parameter, 541 {inchesj.

3

(= hix) n 12.0 (C.6}

STEP 11 Convert SM to curve number form for input inte HLAND.

[
w

= 10007 (sM + 10.0) {(C.7)



EXAMPLE 1

Determine SM for improved pasture In 3C5 Hydrolosic Soil Group ¢ with the
drainage density egual to 11.7 milefsq. mile.
STEF 1 K is estimated to be 320 inches/day.

np is estimated to ba 0.18.
H is estimated to he 5.5 ft.

1t

STEP 2 X = average runoff = 0.0358 inches/day.
d is assumed to be 3 fr,

42
=]
e
l"!_j
w
o
it

SZSUKDd = 450 [,

= 9Z6 f¢t,
Tax

w2
hé
“J
o
s

STEY 5 L is less than L thersfore GO TO STEP 8.

max

STEP 8 T = 1419 fc<

STEP ¢ hi{x) = 3.15 f¢.
STER 10 SM = 6.8 inches,

STER 11 CN

i

59,

EX{AMPLYE 2

. ' . A . - . 2
Same as example 1 except for umimproved pasture with drainage densiiy = 1.7 mi/mi.?
STEP 1 and STEF 2 same as eoxample 1.

STEY

L2

L = 3106 fr.

U
jes]
g
I~

L= 926. ft,

o “max
STEDP & L is greater than L thereiore GG TO STER 6,
mix

STEP 10 8M = 11.33 inches,.

STEF 11 CN = 47,



